Infection with Trichomonas vaginalis is common among men and women in all parts of the world. Yet the significance of this organism in human pathology remains unclear. Most venereologists feel that it is responsible for certain inflammatory urogenital lesions and classify trichomoniasis as a sexuallytransmitted disease (Teocharov, 1961) . Some consider trichomonads to be innocuous commensals dwelling in pathologically altered tissues, and others regard them as facultative pathogens (Gnesdilov, 1959) .
The organism is now attracting much attention, and advances in electron microscopy have led to the appearance of several reports on the ultrastructure of trichomonads (Anderson and Beams, 1959; Inoki, Nakanishi, and Nakabayashi, 1959, 1960;  Hashimoto, 1964;  Perju and Petrea, 1963; Ludvik, Stoklosova, and Weglarska, 1961; Panaitescu, Voiculescu, and Ionescu, 1971; Panaitescu, Voiculescu, Ionescu, and Petrovici, 1970; Filadoro, 1969; Ovcinnikov and Delektorskij, 1969) .
Further study is needed, however, because the published data are incomplete and some of the observations have been interpreted incorrectly. Descriptions based on optical microscopy do not satisfy modem requirements and are often erroneous.
We have undertaken an electron microscopical study of ultrathin sections of trichomonads from a culture in Johnson-Trussell medium (Johnson, Trussell, and Jahn, 1945) and from secretions of patients with trichomoniasis.
Methods
A 3-to 4-day culture was used. 2 ml. 01 M cacodylate buffer were added to a centrifuge tube with 0-5 ml. medium taken from the area of greatest growth. The material was spun at 3,000 r.p.m. for 30 min. 2 ml. of a 4 per cent. glutaraldehyde solution in 0 1 M cacodylate buffer cooled to +4°C. were carefully layered onto the sediment. Pre-fixation lasted 2 hrs in the cold (+4°C.), and the material was then washed with 0 1 M cacodylate buffer plus 0-2 M sucrose and fixed with osmium tetraoxide (Fernando and Movat, 1964).
Received for publication April 3, 1973 When material of human origin was studied, a drop of urethral or vaginal secretion was placed on a slide. After the specimen had been examined under a phase-contrast microscope, the coverslip was removed and transferred into a buffered 4 per cent. glutaraldehyde solution. The opalescent film was detached from the coverslip. Fixation was done by the same procedure as that used for the culture material. The preparations were dehydrated in a battery of alcohols and embedded in an Epon-araldite mixture (Mollenhauer, 1964) .
Polymerization proceeded during 48 hrs at 49°C. The sections were cut with an LKB-8801A ultramicrotome and stained with an aqueous uranyl acetate solution and lead hydroxide (Millonig, 1961 (Figs 2 and 3 ). The body is covered with an outer membrane presenting as an osmiophilic membrane (Fig. 3a) , but some parts of it are indistinct.
The oval nucleus is situated in the anterior third of the body (Figs 2 and 3) ; its karyoplasm consists of finely granular chromatin, which is condensed peripherally (Fig. 19) . In young specimens an electron dense nucleolus can be discerned. The nuclear membrane contains numerous small electron dense granules; here and there pores are clearly visible. The perinuclear zone is rich in polyribosomes (Fig. 3) .
The flagellar apparatus in trichomonads includes four free flagella (Fig. 1) to the active movements of the flagella. One of them descends along the body of the organism and, together with the outer membrane, forms the undulating membrane (Figs 3, 3a, 5) .
The undulating membrane is not derived exclusively from the outer membrane. Figs 6, 9, 11, 14, and 15 show that both the outer membrane and the cytoplasm participate in the formation of its basal part and that it contains vesicles (Figs 9 and 11) and sometimes lysosomes. This indicates that the undulating membrane cooperates with the flagella in entrapping food particles. Its basal part is lined with a flagellum joined by a costa (Fig. 12) . Sometimes the impression is given that there are two (Figs 9 and 11) or even three (Fig. 12 ) undulating membranes. The end of the undulating membrane is marked with dark transverse bands characteristic for spirally symmetrical structures, which suggest that the membrane has independent contractile activity (Fig. 7) . The relation of the undulating membrane to the flagellum is well illustrated in Figs 10 and 13. In a few sections the undulating membrane seems to lie in a cavity within the organism (Fig. 8) . The undulating membrane does not serve only for locomotion; its movements draw in food particles which are filtered through a kind of 'sieve' at the base of the membrane (Fig. 4 and 6). The flagella end in the blepharoplast complex consisting of annular formations (Figs 15, 17, 28, 29) . In contrast to the flagella, the blepharoplasts are devoid of the central pair of ringlets. The blepharoplast complex is assumed to function as a regulator of motility. Besides the presence of annular structures, the blepharoplast zone is distinguished from the rest of the cytoplasm by greater electron density. Sometimes it contains osmiophilic inclusions (Fig 27) . The axostyle arises from the blepharoplast zone (Figs 20, 22, 24, 25) . We disagree with those authors who suggest that the structure of the axostyle is that of another flagellum, which runs inside the body of the parasite. According to our observations, the axostyle is hollow and has a fundamentally different structure (Figs 22 and 25) . Arising at the blepharoplast zone, it traverses the entire body and sometimes protrudes in the form of a spicule at the opposite end of the organism (Figs 22, 23) . Its width varies; it is wider at the middle part and tapers towards each end. Its walls are formed by thin longitudinal filaments (Figs 22, 24) . The internal cavity is filled with a finely granular mass throughout the length of the axostyle (Fig. 25) . The exact significance of this structure is unclear. Many investigators believe that it has a supporting function.
The costae, formations with a specific structure, extend from each of the blepharoplasts to the lower third of the body (Figs 26, 27, 28) . As in the axostyle, their upper and lower ends are thiner than the central portion. Because of longitudinal and cross striations, they somewhat resemble collagen fibres. Perju, Petrea, and Toader (1963) defined the costa as a collagen fibril. Its function is also debatable.
The formation variously called 'parabasal fibril', 'parabasal body', or 'parabasal apparatus' is situated opposite the costae (Figs 2, 5, (15) (16) (17) (18) 20, 21, 24, 26, (28) (29) (30) (31) (32) (33) . In our opinion, this is not a fibril, but a system of tubules, which arise in a semicircle at the blepharoplast zone (Figs 17, 18, 20, 21, 24) (Fig. 16 ). The zone delimited by the tubules contains polyribosomes (Fig. 33) . The parabasal apparatus resembles in structure, and possibly in function, the subpellicular microtubules in Leishmania which seem to serve as a supporting frame. Some authors (Perju and others, 1963) and King (1964) and Smith and Stewart (1966) claim that it is identical with the Golgi complex, but this opinion is incorrect. Figs 17 and 18 show that trichomonads have an independent and welldeveloped Golgi zone.
According to Dalton (cited by Policard and Bessis, 1968), the Golgi zone includes a dictyosome, represented by a stack of double membranes, a variable amount of small vesicles derived from the dictyosome, and some considerably larger vacuoles. The dictyosome is the central component of the Golgi complex. It is formed by a stack of flattened sacs arranged in parallel and having in section the typical structure of a double membrane. The exact function of the Golgi complex has not been elucidated, but it is supposedly concerned with the general metabolic activity of the cell.
The zone between the nucleus and the parabasal apparatus contains large electron dense granules against a background showing an extremely fine granular structure.
Opinions differ as to the mode of nutrition of T. vaginalis. Most investigators deny the existence of a cytostome and believe that nutrition proceeds endosmotically and through phagocytosis of particulate material (Ludvik and others, 1961) . However, in the past, some authors (Schmit and Kamniker, 1926 have asserted that a cytostome existed.
We are of the opinion that the parasite absorbs nutrients endosmotically and by entrapping food particles, and that possibly some region of its body also serves as a cytostome.
T. vaginalis has no mitochondria. As suggested by Inoki and Hamada (1953) 
